Background and Aims: The present study investigated the prevalence and severity of fatigue in patients with newly diagnosed and untreated ulcerative colitis (UC) and Crohn's disease (CD) and examined relevant disease variables that may influence the severity of fatigue. Methods: Eighty-one patients with inflammatory bowel disease (IBD) (60 with UC and 21 with CD) were assessed for fatigue using two fatigue instruments: the Fatigue Severity Scale (FSS) and a fatigue visual analogue scale (fVAS). Cut-off for fatigue was defined as ≥4 for FSS and ≥50 for fVAS. Results were compared with fatigue scores from age-and gender-matched healthy individuals. Disease activity was assessed by symptom scores using the Mayo score in UC patients and the Harvey-Bradshaw index for CD patients, as well as C-reactive protein (CRP) and faecal calprotectin. Results: The prevalence of fatigue based on FSS and fVAS was 47 and 42%, respectively, in UC and 62 and 48% in CD. In multivariate regression models, disease activity markers were not associated with fatigue, while a significant relationship was found with age and depression for both fatigue measures. Conclusions: Close to 50% of patients with IBD reported fatigue at the time of diagnosis. In newly diagnosed patients with active disease, the severity of fatigue was not associated with measures of disease activity.
Introduction
Fatigue is increasingly recognized as a substantial phenomenon in many chronic inflammatory diseases, including inflammatory bowel disease (IBD), rheumatoid arthritis and primary Sjøgren's syndrome. 1 Fatigue can be described as an overwhelming sense of tiredness, lack of energy and feeling of exhaustion that is unaffected by prolonged rest. 2 Fatigue is a non-specific, subjective phenomenon that may interfere with emotional, physical and social functions, often leading to social withdrawal and decreased ability to work. 3 Recent reviews point to chronic fatigue as being highly overlooked in IBD, and only a few published studies have included fatigue as a primary outcome. 4, 5 Fatigue is a major concern for IBD patients, 6 with some data indicating that 40-80% 7, 8 of patients with active intestinal inflammation experience fatigue. Notably, 20-40% 9,10 still report fatigue when in remission from IBD, despite the absence of signs of intestinal inflammation.
Physical and psychological factors have been reported in relation to fatigue in IBD. The most frequently discussed associations are disease activity, anaemia, anxiety and depression, but the mechanisms underlying these relationships are still unknown. Also, the management of fatigue in IBD is far from clear. 5 The aim of the present study was to describe the prevalence and degree of fatigue in a cohort of newly diagnosed and untreated UC and CD patients compared with matched healthy subjects. In addition, we wanted to explore the possible associations between fatigue and depression and/or markers of disease activity.
Methods

Patients
Patients newly diagnosed with IBD were recruited consecutively from the Department of Gastroenterology at Stavanger University Hospital from 1 April 2012 until 31 December 2013. The inclusion criteria were age >16 years and newly diagnosed IBD. Diagnosis of IBD was made after combined clinical, laboratory, endoscopic, histological and radiological evaluation according to international criteria (ECCO guidelines). 11, 12 The exclusion criteria were previously diagnosed IBD, receiving specific treatment within the last 10 years and inability to adhere to the treatment protocol. Patients were included at the time of the index colonoscopy and all study data were collected and recorded within 3 days of the colonoscopy. A total of 81 patients (46 males, 35 females) were included in the study, which was registered at ClinicalTrials.gov (NCT01551563).
Healthy subjects
The control group consisted of 67 subjects with no medical complaints who volunteered to fill out the fatigue visual analogue scale (fVAS) and Fatigue Severity Scale (FSS) questionnaires. The healthy subjects were age-and gender-matched with the patients. To reduce the number of control subjects, some individuals served as controls for both UC and CD cases.
Fatigue assessment
We used the generic fVAS and the FSS instruments 13 to assess fatigue severity. The FSS is a unidimensional fatigue instrument in which the patient responds to nine items, each with a score of 1-7. The FSS score is the mean score of the nine items, and a higher FSS score indicates more fatigue. An FSS score of 3 or 4 has previously been used as cut-off for fatigue, and ≥4 was used in this study as a conservative approach.
14 The fatigue VAS was a 100-mm horizontal line with vertical anchors. The wording on the left end (0 mm) was 'No fatigue' and that on the right end (100 mm) was 'Fatigue as bad as it can be'. The presence of fatigue was defined as an fVAS score ≥50 mm. 15 To assess a concomitant depressive state we applied the Hospital Anxiety and Depression Scale (HADS). 16 The HADS consists of 14 items, seven each for depression (HADS-D) and anxiety (HADS-A). The patients give each item a number from 0 to 3, and the scores are summed to obtain the anxiety and depression subscales. An HADS-D score ≥8 was previously found to be adequate as a cut-off for depression and was used in this study. 17 
Evaluation of disease activity
For the symptomatic assessment of IBD disease activity at the time of diagnosis, we used the Mayo score (MS) for UC patients. This score evaluates four items: stool frequency, blood content, the physician's estimate of disease activity and endoscopic inflammation. 18 An MS of >2 and/or an endoscopic subscore of >1 was regarded as active disease. The Harvey-Bradshaw index (HBI) was applied to evaluate symptoms in CD patients. The index incorporates an assessment of general well-being, abdominal pain, and the number of loose stools the previous day, in addition to the presence of a palpable mass in the abdomen and extra-intestinal manifestations, such as arthralgia, fistula and abscesses. 19 An HBI of ≥5 was regarded as active disease.
Inflammatory markers
At the time of diagnosis, serum C-reactive protein (CRP) (±3 days) and faecal calprotectin (until 4 weeks before and 3 days after diagnosis) were measured in all patients. A CRP level ≥ 5 μg/mL and faecal calprotectin ≥50 mg/kg were regarded as abnormal and suggestive of inflammatory activity.
Other blood variables
Haemoglobin and ferritin were measured at the time of diagnosis ±3 days and analysed at the hospital's routine laboratory. Iron deficiency was defined as ferritin <30 μg/L if CRP was <5 mg/L or ferritin <100 μg/L if CRP was ≥5 mg/L. 20 As ferritin is an acute-phase protein, cut-off levels for iron deficiency were adjusted in relation to CRP values.
Outcome measures
Fatigue scores were compared between patients and healthy controls. The prevalence of fatigue, as measured by fVAS and FSS, in the IBD population was calculated using the designated cut-offs for the respective scales. A conservative overall prevalence of fatigue is reported based on the number of patients with results above the cutoff values for fVAS or FSS.
Statistical analysis
The normality of the data was tested using the Shapiro-Wilk test. To compare UC and CD patients with healthy subjects, continuous, normally distributed data were analysed by the paired t-test and nonnormally distributed data by the Wilcoxon rank test. To compare the total IBD group with healthy subjects, the Mann-Whitney rank test for unpaired samples was used. For discrete data, Spearman's χ 2 test was applied. When establishing regression models for fatigue, variables presumed to influence fatigue were used for UC (MS, CRP, faecal calprotectin), CD (HBI, CRP, faecal calprotectin) and total IBD (CRP, faecal calprotectin, ferritin, HADS-D) and tested by age-and sex-adjusted linear regression. Based on the results of these regression analyses, a fully adjusted model was established for fatigue in the total IBD group. Variables with p ≤ 0.25 in age-and sex-adjusted analyses were included in the fully adjusted model. We considered p < 0.05 as significant. Analyses were performed using IBM SPSS statistical software version 21.
Ethical considerations
The study was approved by the regional ethics committee and carried out in compliance with the principles expressed in the Declaration of Helsinki. All patients provided written informed consent to participate in the study.
Results
Patient characteristics
Ninety-four patients were potentially eligible for study. Ten patients were not included due to lack of personnel, and thus 84 patients were examined for eligibility. One patient was excluded due to psychiatric illness and inability to adhere to the treatment protocol, and two were excluded due to treatment for IBD within the last 10 years.
A total of 81 consecutive patients (46 males, 35 females) were thus included in the study, 60 with UC and 21 with CD. Sixty-seven ageand gender-matched controls with a median (range) age of 34 (15-73) years were included.
The patient characteristics are given in Table 1 . There were no missing data. Twenty-nine (48%) of the UC patients and 12 (57%) of the CD patients were iron-deficient. Anaemia was defined as haemoglobin ≤13.4 g/L in males and ≤11.7 g/L in females. Fourteen (23%) of the UC patients and 4 (19%) of the CD patients were anaemic. Fifteen (19%) of the IBD patients were depressed.
Fatigue
Patients with UC and CD had significantly higher fatigue scores than age-and gender-matched healthy subjects based on both fVAS and FSS (Figures 1 and 2) .
Similarly, when comparing all IBD patients with all control subjects, a significantly higher degree of fatigue was found in IBD patients, as measured by both fVAS and FSS ( Figure 3A, B) . The prevalence of fatigue is given in Table 2 .
Associations between fatigue and disease activity
Age-and sex-adjusted analyses revealed no significant associations between fVAS or FSS scores and MS, CRP or faecal calprotectin in UC patients. Also, no significant associations were found between fVAS or FSS scores and HBI, CRP or faecal calprotectin in the ageand gender-adjusted model for CD (Table 1 , Supplementary Data). However, for both UC and CD the FSS increased with elevated symptom scores and faecal calprotectin, although not reaching significance (data not shown).
In the age-and gender-adjusted analyses for the total IBD cohort, fVAS scores from the initial analyses were associated with CRP, ferritin and HADS-D, whereas FSS scores were associated with faecal calprotectin and HADS-D (Table 3) . Five patients (three with UC, two with CD) were considered as outliers based on the scatterplot of standard residuals and were excluded from further analyses.
The fully adjusted model for the total IBD group revealed that neither CRP (p = 0.372) nor ferritin (p = 0.101) influenced the fVAS scores. Also, FSS scores were not influenced by faecal calprotectin (p = 0.525) ( Table 4) . As expected, HADS-D and age were significantly associated with fVAS (p < 0.001 and p = 0.001, respectively) and FSS scores (p < 0.001 and p = 0.02, respectively). Higher HADS-D scores and decreased age were associated with higher fatigue levels ( Table 4) . 
Discussion
The main finding in this study is that approximately 50% of patients with IBD suffer from fatigue at the time of diagnosis and that traditional disease activity measures are not associated with this phenomenon. Using conservative cut-offs, the prevalence of fatigue in UC patients is 47% based on the FSS and 42% based on the fVAS. In patients with CD, fatigue is reported by 62% and 48% of patients on the FSS and fVAS, respectively. The percentages are considerably higher than in the healthy subjects, as fatigue was reported by 10% at the most. This difference demonstrates that fatigue is a prevalent and serious problem for patients suffering from IBD. The severity and prevalence of fatigue in newly diagnosed IBD is comparable to that of primary Sjøgren's syndrome and rheumatoid arthritis, and considerably more effort has been put into exploring these issues. 21, 22 A higher prevalence of fatigue in IBD patients compared with healthy individuals has previously been reported, 10 but the use of fatigue as a primary outcome has not been widely investigated. This is the first report of fatigue in an IBD cohort consisting of only newly diagnosed patients not receiving anti-inflammatory or immune-modulating medication.
The reported prevalence of fatigue in previous studies has varied from 41% in patients in remission to 86% in CD patients with active disease, 8, 23 and from 44 to 64% in patients with different disease activity. 7, 24 In the current study, disease activity ranged from mild to severe, and the reported fatigue was in line with studies in cohorts involving various grades of disease activity.
The disease activity of IBD (active disease as opposed to remission) has been reported to influence fatigue in the majority of previous studies, 8, 10, 25 ,26 but we could not confirm these observations. This might be expected, as all patients had active disease. Although the FSS increased with increased signs of inflammation, as measured by symptom scores and faecal calprotectin, these differences did not reach statistical significance (data not shown). Fatigue may be markedly different between patients in remission and those with active disease, but in newly diagnosed patients with active inflammatory disease the association between disease activity and fatigue could be Table 2 . Prevalence of fatigue a in UC (n = 60) and CD (n = 21) patients compared with age-and gender-matched healthy controls (n = 67). less distinct. Studies showing that patients devoid of IBD activity still experience fatigue, as well as a number of studies in other inflammatory diseases, also suggest that disease activity alone cannot explain fatigue. [27] [28] [29] In addition, the use of generic versus disease-specific fatigue instruments, different patient cohorts and different settings may have influenced the results. Thus, we deliberately employed generic and unidimensional fatigue instruments (FSS and fVAS) that could not be influenced by disease-specific symptoms, clinical findings or laboratory variables.
FSS
The biological mechanism of fatigue remains unclear, but increasing evidence indicates that fatigue is a preserved behavioural response to inflammation and immunological danger. 30 Activation of the immune system induces the production of pro-inflammatory cytokines, as well as protective molecules, which trigger an adaptive and evolutionarily conserved behavioural response (i.e. sickness behaviour). Traditional measures of disease activity are likely not to be sensitive enough to capture the fine balance between pro-inflammatory and protective molecules that signal sickness behaviour and, ultimately, fatigue development. Based on the results from our study, the fatigue response is independent of the grade of intestinal inflammation and may be signalled through other pathways.
Other factors that may contribute to fatigue are anaemia and iron deficiency, 31,32 but we did not reveal any association between fatigue and haemoglobin or ferritin levels in this study, which is in line with other recent studies. 7, 33 The relationship between fatigue and depression is well known, but it is a complicated issue. Instruments and methods used for fatigue and depression often have similarities in wording and probably overlap in comprehension, tapping shared dimensions or domains. This may lead to circular reasoning and false conclusions regarding relationships. In addition, elements of depression and sickness behaviour/fatigue are signalled in the brain through shared biological pathways, such as the interleukin-1 system. 34, 35 Age was negatively associated with both measures for fatigue. This is in line with recent findings, 36 although the results in that study were from IBD patients in remission.
The choice of a fVAS cut-off of ≥50 mm could be debated. Although this cut-off has been used in previous studies, the dichotomization of fatigue and no fatigue is artificial. Complex biological phenomena such as fatigue cannot easily be divided into a yes/no response. However, the prevalence obtained with the fVAS matches the results from FSS well. This study has some limitations. The CD cohort consisted of only 21 patients, which reduces the statistical power. We used the generic and unidimensional FSS and fVAS to measure fatigue, which makes it impossible to directly compare our results with previous IBD studies that employed other fatigue instruments. Further testing of cutoff points for fatigue is recommended in future studies.
On the other hand, the choice of newly diagnosed and untreated patients strengthens the conclusions, as treatment with biologicals is reported to influence fatigue. 8 Therefore, to the best of our knowledge, this is the first report of fatigue prevalence in a newly diagnosed, untreated IBD cohort.
In summary, fatigue was found in nearly 50% of patients with newly diagnosed, active and untreated IBD, significantly more than among healthy individuals. In this population, significant associations were not detected between fatigue and markers of disease activity, haemoglobin or ferritin.
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